ABSTRACT
However, this phenomenon of reperfusion results in a series of metabolic effects paradoxically leading to further damage in the tissue. [1] [2] [3] [4] With the expression of several vasoactive mediators, cytokines, endothelin and free toxic oxygen radicals in the reperfused tissue, leukocyte activation, endothelial dysfunction and tissue edema occur. Although several mediators associated with IR have been determined to play a role in local tissue and distant organ dysfunction, leukotrienes (LT) and free toxic oxygen radicals are known to play a crucial role in this process. [5] EXPERIMENTAL STUDY Ulus Travma Acil Cerrahi Derg, May 2018, Vol. 24, No. 3
INTRODUCTION
Ischemia-reperfusion (IR) is a iatrogenically created process by the use of a tourniquet, and is often used in extremity surgery. When tissue is exposed to ischemia, a series of chemical events occur in the basal metabolism, progressing as far as functional impairment and necrosis. To be able to provide the appropriate intracellular energy and for the removal of toxic metabolites, the blood circulation of ischemic tissues is crucial.
Montelukast has been shown to be a strong, selective antagonist of cysteinyl leukotriene receptor 1 (CystLT1) and an antioxidant that is used as an anti-asthmatic drug in a clinical setting. Montelukast prevents leukocyte adhesion and degranulation by inhibiting LTD4 on cysteinyl leukotriene receptors. It has been reported that it protects the kidney and bladder from ischemia/reperfusion damage, and that this molecule is beneficial in ethanol-induced mucosa injury, multi-organ failure due to sepsis, colitis, and testis torsion. [5] [6] [7] [8] [9] In addition, the use of various pharmacological and immunological agents has been suggested to decrease or avoid reperfusion injury. However, there has been no appropriately designed study regarding the effect of Montelukast on tourniquet use models.
The aim of this experimental study was to investigate the protective effect of Montelukast on skeletal muscle reperfusion injury in a model of lower extremity skeletal muscle acute IR injury. Therefore, the muscle tissue of rats which were administered Montelukast following IR was compared with that of a control group by measurements taken of malondialdehyde (MDA), which is an indicator of oxidative stress, superoxide dismutase (SOD) levels in the tissue, and histopathological examination.
MATERIALS AND METHODS
Approval for this experimental study was granted by the Local Ethics Committee. A total of 16 male Wistar-albino rats were used, each weighing 200-250 g. Before the experiment, the rats were kept in wire cages in a 12-hour light-dark cycle at a temperature of 24°C-26°C and humidity of 50%-60%. At 12 hours before the experiment, nutrition, but not water, was stopped. The care of the rats was applied in accordance with the Laboratory Animals Care and Use guidelines published by the National Health Institute and prepared by the Laboratory Animal Resource Institute, and the Experimental Animal Care Principles defined by the Medical Research National Association. The muscle tissue samples taken were stored in 10% formaldehyde for histopathological examination and at -80°C for biochemical examination.
Study Protocol
All the rats used in the study were acclimatized to the same laboratory environment for one week before the study. They were given standard laboratory food and water, and food but not water was terminated at 12 hours before the operations. Anesthesia was administered to all the rats as an intraperitoneal mixture of 30 mg/kg ketamine HCL (Ketalar flacon, Pfizer, Istanbul, Turkey) and 25 mg/kg Chlorpromazine (Largactil ampoule, Eczacıbaşı, Istanbul, Turkey) and was maintained as required without changing the dosage table. Oxygen support was provided to all the rats with a mask at 3 L/min and heart rate was monitored and recorded at 30-min intervals.
Under a heating lamp, the rats were placed in a supine position and both lower extremities were shaved from below the abdomen. The rats were randomly separated into two groups of eight animals, defined as the control (C) and the treatment (T) groups. The animals in the control group were intraperitoneally injected with 1 mL saline 30 mins before the intervention. At the same time, the subjects in the treatment group were intraperitoneally injected 10 mg/kg Montelukast and the all doses were completed to 1 mL with saline solution. At 30 mins after the injection, the skin of the left lower extremity of each rat was cleaned with Betadine (10% povidone iodine solution). The inguinal canal was opened with a 2-cm incision exactly over the inguinal ligament (Fig. 1a) . The femoral artery and vein were explored. The extremity was emptied by wrapping an Esmarch bandage around the extremity from distal to proximal. By placing a clamp on the femoral artery and vein, circulation was stopped and ischemia was achieved (Fig. 1b) . After perfusion following a 2-hour period of ischemia, the left lower extremity was disarticulated from the acetabulum in all rats. The skin was completely stripped off (Fig. 1c) . The muscle tissues of the lower extremities were separated into a total of eight groups for biochemical and histopathological examination, as paired samples from the control and treatment groups and the samples were sent under appropriate conditions for evaluation. At the end of the experiment, all the animals were sacrificed by high-dose anesthesia.
Histopathological Analyses
The muscle samples of the groups were fixed in 10% formaldehyde then passed through a series of graded alcohol and then paraffin blocks were prepared. Slices 5 µm in thickness were cut and examined by staining with hematoxylin eosin. For each subject, a series of five tissue slices were taken and these were evaluated and scored for edema, PMNL cell infiltration and erythrocyte extravasation. Evaluation was made at ×40 microscope magnification and scoring was accepted as 0 = normal, 1 = mild effect, 2 = moderate effect, and 3 = severe effect (Table 1) . [10] Biochemical Analyses
Malondialdehyde Level Measurement
MDA measurement is the most frequently used test for determining the level of lipid peroxidation and oxidant damage. Each tissue sample was prepared for homogenization by adding a 1/10 1.15 M KCL buffer. The tissue protein content was determined using the Biuret method; 0.2 mL of 8.1% sodium dodecyl sulfate, 1.5 mL of 3.5 pH 20% acetic acid, and 1.5 mL 0.8% thiobarbituric acid (TBA) solution were added to 0.4 mL homogenate, mixed and heated to 95°C for 60 mins. After cooling, 5 mL n-Butanol/pyridine (15 l; v/v) was added. The absorbency of the top layer at 532 nm was measured by centrifugation at 4000 rpm for 10 mins. Using standard 1,1,3,3-tetraethoxypropane, the calculated MDA levels were stated as nmol/g protein ( Table 2) .
Determining Tissue SOD Activity
SOD activity was measured with the technique on the basis of the inhibition by SOD of the reduction of nitroblue tetrazolium of superoxide formed in the reaction of photoreduced riboflavin and oxygen.
The tissue samples were homogenized with a 7.8pH buffer of 1/10 0.05 M KPO4. The tissue protein content was measured with the Biuret method. 0.2 mL of 0.1 M EDTA containing 1.5 mg NaCN of 100 mL, and 0.1 mL of 1.5 mM NBT were added to 0.05 mL homogenate. The total volume of the tube was completed to 3 mL with phosphate buffer and the tubes were heated to 20°C-22°C. To all the tubes, 0.5 mL 0.12 mM riboflavin was added and they were then placed in an illumination box, 60×15×20 cm in size, with 15 W uniform fluorescent lighting. After waiting for 15 mins, using the tube where no homogenate was placed as a blind, the absorbency at 532 nm was measured. By tracing the given SOD standard inhibition on the graph, the SOD activity of the samples was determined. By defining one SOD unit as the amount of enzyme providing half the maximum inhibition of NBT reduction, the enzyme activity in tissues was stated as U/mg protein (Table 3) .
Statistical Analyses
In the evaluation of the findings obtained in the study, all statistical analyses were made using IBM SPSS Statistics 22 software (IBM, SPSS, TR). The conformity of the data of the parameters to normal distribution was evaluated using the Shapiro-Wilks test. In the comparison between two groups of parameters not showing normal distribution, the MannWhitney U test was used. Values were stated as mean ± 
RESULTS
The MDA levels were determined to be at a statistically higher level in the control group compared with the Montelukast group (p=0.002, p<0.01). The SOD levels were determined to be at a statistically higher level in the Montelukast group compared with the control group (p=0.001, p<0.01) (Table 4) . Edema, PMNL infiltration and erythrocyte extravasation levels were found to be statistically significant higher in the control group than in the treatment group (Table 5 ).
In the control group, increased connective tissue cells and neutrophils were determined between the muscle fibers. Evident edema and erythrocyte extravasation were observed across the width of the muscle section in this group. No necrosis or nuclear centralization was determined in the muscle cells. In the treatment group, edema, PMNL infiltration and erythrocyte extravasation levels were observed to be reduced to a statistically significant level compared with that of the control group.
DISCUSSION
When blood circulation to the tissues is interrupted as a result of tourniquet application in extremity surgery, a series of biochemical changes occur starting with impaired cell function of that tissue and progressing as far as cell death and finally damage occurs.
Blood circulation insufficiency may occur effect of tourniquet application during prolonged extremity surgery and this causes a series of biochemical reactions in the extremity tissue which may cause cell damage and more.
Neuromuscular damage associated wih tourniquet application, as much as it is related to pressure and tissue deformation, is also closely related to reperfusion damage following ischemia. Skeletal muscle is more resistant to ischemia than other tissues. In orthopedic surgery, prolonged duration of tourniquet application, extremity trauma with artery injuries, reconstructive microsurgery, and acute compartment syndrome are frequently encountered ischemic events. [11, 12] The basic aim in ischemic events is to prevent muscle necrosis by providing early reperfusion. In addition, reperfusion itself, known as "reperfusion injury," leads to a pathophysiological condition. [11] Tissue damage following ischemia mostly occurs during reperfusion. [13] Reperfusion damage occurs through a complex mechanism of free oxygen radicals, endothelial factors, and neutrophils together. It is believed that the primary trigger of the damage is damage to the endothelial cells. [14] [15] [16] Numerous substances and biochemical reactions have been determined to directly or indirectly contribute to reperfusion damage. As a result of the interaction between these substances, free oxygen radicals emerge, which are partial mediators of reperfusion in IR damage.
Although the results obtained in this study have shown a protective effect of Montelukast on skeletal muscle, there were some limitations. These include the relatively small number of subjects, different biochemical parameters that have not been measured, such as lactate dehydrogenase, creatine kinase, and the apoptosis of the post-reperfusion tissues, no assessment being made of the effects of the application of Montelukast at different doses and periods of ischemia.
There have been studies in literature on the use of several agent substances to prevent the formation of tissue damage following reperfusion. [6, 15, 17, 18] One of these substances is Montelukast, a strong and specific LTD4 receptor antagonist, which was used in this study. Montelukast was used in this experimental study as it was appropriate to the aims of the study, successful results have been obtained in the experiments of IR in different tissues and it is currently safely used in asthma treatment. A specific aspect of this study was that to the best of our knowledge there has not been any study published in literature associated with the effect of Montelukast on IR in a skeletal muscle model. Thus, as one of the indicators of free radical damage formed in the IR process, the levels were measured of SOD as an enzymatic antioxidant, and malondialdehyde (MDA ). The levels of SOD and MDA are the biochemical indicators of free radical damage formed in the IR process.MDA is a product of cell membrane lipid peroxidation and the measurement of this indicates the amount of free radical formation. [19] SOD is an enzymatic antioxidant which catalyses the reaction changing superoxide to hydrogen peroxide and molecular oxygen and is an endogenous metalloenzyme protecting tissues against free radicals, especially O2. This reaction is known as "the first defense against oxidative stress," because superoxide is a strong initiator of the radical chain reactions. The O2 levels in the cellular compartment are kept under control through this system. [20] In the present experimental study, when the MDA levels were examined as an indicator of skeletal muscle reperfusion damage, the MDA levels of the control group were found to be statistically significantly higher than those of the Montelukast group (p=0.002, p<0.01) ( Table 1 ). This shows that Montelukast has an effect of reducing free radicals (Table 3 ). In the control group of this study, edema, PMNL infiltration, and erythrocyte extravasation levels were determined to be statistically significantly higher than those of the treatment group (Table 2 ). This supports the protective effect of Montelukast against reperfusion damage formed in the muscle tissue after IR.
In studies of IR, antioxidant enzyme activity has been seen to fall following reperfusion, which has been associated with the increased use of these enzymes because of increasing oxidative stress. [21, 22] In the present study, a reduction was determined in the activity of SOD antioxidant enzymes in the control group and an increase was determined in SOD enzyme activities in the treatment group. This finding supports IR studies in literature in general. However, in contrast, in a skeletal muscle IR study by Ozyurt et al., [18] the SOD and Catalase (CAT) antioxidant enzyme activity levels were found to be high in muscle tissue after reperfusion. This increase has been associated with the over-production of free oxygen radicals in IR events which then stimulates the antioxidant defense system and causes the increase in antioxidant enzyme expressions.
In conclusion, in this experimental study, the expected oxidative damage was determined which was believed to be caused by IR in the lower extremity where a tourniquet was applied. Regarding the treatment efficacy, as the Montelukast administered against skeletal muscle reperfusion injury was found to have prevented cell damage at a significant level in the histological and biochemical examinations, suppressed the formation of MDA, and increased the antioxidant capacity, these findings were seen to be consistent with those of previous studies. It was concluded that with these effects, Montelukast could accelerate functional recovery of the extremity tissue by limiting the local and systemic complications caused by reperfusion. We did not study the effect of Montelukast on I-R injury at different doses or different administration times. Additional studies are required for examining these factors on the effect of Montelukast. However, there still remains a requirement for further extensive experimental and clinical studies to be able to use Montelukast in clinical applications against IR damage. Montelukast has a protective effect against I/R injury in skeletal muscle and may reduce the incidence of compartment syndrome, especially after acute or chronic peripheral arterial occlusion.
Conclusions
In this experimental study, the protective effect of Montelukast on skeletal muscle reperfusion injury was investigated. It was concluded that Montelukast could accelerate recovery by limiting the complications caused by reperfusion in cases where tissue ischemia has formed, such as extremity traumas with acute vascular injuries, prolonged tourniquet application in extremity surgery. However, there is a need for further experimental and clinical studies to support and confirm these findings.
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